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INTRODUCTION 
A large portion of the commercial sheep industry in Oklahoma and 
adjacent areas consists of the production of 11spring 11 milk-fed fat .lambs~ 
The success of this type enterprise depends upon the use of ewes that 
·will breed out of season ( spring) and the availability of a succulent 
pasture as a source of cheap feedo The most desirable type of lamb is 
one that grows rapidly to market weight and possesses sufficient finish 
to bring a top or near top market price. 
The individual lamb I s growth is strongly influenced by its dam I s 
milk supp::i..y and mothering abilityJ especially during the early stages 
of the lamb 1 s life~ On the basis of this maternal influence on a lamb 1 s 
growth, it appears that the weight of a lamb at ~ome early age might be 
a good indication of its dam's productivity. Likewise, a later weight 
of the same lamb might be a good index of its own ability to grow as it 
becomes less dependent on its dam and is able to utilize sources of nutri= 
ents other than its dam 1 s milk" 
Due to differences in sexJ type of rearing ( single or twin), type of 
birth (single or twin) and birth weight, lambs of equal genetic merit 
may differ considerab]y in their individual weightso It is also possible 
that a lamb of inferior genetic merit may out weigh a superior lamb because 
of' these environmental factors~ These differences in lamb weights cause 
the breeder to make mistakes in culling the less productive ewes and in 
the selection of the most desirable lambs for replacements. 
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It is the purpose of this study to obtain a measure of the effect of 
certain environmental factors on the weights of lambs at different ages. 
The sources of variation studied were breed of dam, sex., qirth type (single 
or twin), type of rearing (single or twin) and birth weight. 
REVIEW OF LITERATURE 
Many factors influence the weight. of' an individual la."llb at a 
particular age .. By the judicious use of :improved statist:tcal methods, 
many of t.hese factors can be measured to determine how much importance 
should be attributed to a particular source of variation. 
Phillips and Dawson (1940) proposed three methods whereby differ-
ences due to sexi type of birth and time of birth could be at least 
partially overcome in the selection of breeding animals~ One, separate 
the lambs into groups according to sex, type of birth and time of birth 
and make select:tons within these groups. Two, make selections at a 
standard age using adjustments for sex and birth factorso Three~ post= 
pone selection until a later age when these differences become more 
nearly equalized and are less :important. 
Hazel and Terrill (1945) (1946a) reported that JJto 49.5 percent 
of the variation in the body weight of 2135 Rambouillet.') 478 Columbia.') 
' ' . . 
238 Cor:riedah, and 366 Targhee lambs could be accounted for by differ-= 
ences due to sex, age of dam, birth type, age at weaning and percent 
inbreeding of these lambs reared under range conditionso These workers 
suggel:lted that by considering the more important sources of variation.') 
t,he breeder will be able to increase the improvement expected from selec-
Price et aL (1953 '! accounted :for la .. B percent of the variation in 
'--~ ---
the body weights of 917 Navajo and Navajo crossbred yearling ewes .. Some 
J 
4 
of the major sources of variation reported were age of darn, breeding 
groups, type of birth and rearing, differences between years and the 
age of the ewe when the weights were taken. 
Weaning weights of 1295 lambs from 463 ewes were analyzed by Blackwell 
and Henderson (1955). These lambs were reared under farm flock conditions 
in the Northeastern section of the United States~ Differences in weights 
due to sex, breed:; age of ewe, type of birth and rearing and the age of 
the lamb at weaning were estimated by least squa:rl3s analysis. 'l'hese fac-
tors were found to be significant sources of variation. 
Coefficients of determination were calculated by deBaca and co-
workers (1956) as a result of estimates of certain factors effecting the 
120 day weights of 280 crossbred lambs. The effect of breed of sire, 
breed of dam~ the interaction between sire and dam breeds, bi'rth type~ 
sex 9 the interaction between birth type and sex were estimated by least 
sq~ares analysis. The resulting coefficients of determination ranged 
• ., t ' ' 
from .l.i5 to • 70. )Then the effect of birth weight was removed in addition 
to the other effectsy the resulting coefficients: of determination ranged 
from .68 to .78. All of these coefficients were highly significant. 
Effect of Breed 
Sheep breeding is perhaps unique in that many breeds which are 
currently popular in a particular area were developed to satisfy that 
particular environmentq Crossbreeding is also a common breeding practice 
of many commercial sheep breeders. 
A comparison of Hampshire and Rambouillet rams as sires of market 
lambs was reported by Joseph (1931)~ Under range conditions the Ram.,,,; 
bouillet sired lambs did better in hard years, but the Hampshire sired 
lambs were better adapted for the early fat lamb market during good 
years. Hultz et al. (1935) divided 100 Western yearling ewes into 
several lots and mated a different breed of ram to each lot. The rams 
were rotated each year in an attempt to detennine which ram breed sired 
the most desirable type market lamb~ Age for age the Suffolk sired 
lambs gained from 1.5 to 20 pounds more than the other crossbred lambs. 
The Southdown sired lambs processed the most finish and the most desir= 
able carcass at market time. 
Miller (1935) bred 120 grade Rambouillet and 80 Romney~Rambouillet 
ewes to Hampshirey Suffolkj Shropshirej Southdown, Romney and Rambouillet 
rams,. Comparisons of the ewe groups showed that the Rambouillet ewes 
sheared heavier fleeces and produced a higher percent lamb crop. The 
Rambouillet ewes also produced a heavier lamb at market time but this 
was principly due to the fact that they bred earlier in the season sO 
consequently their la~bs were older at market time. The Suffolk and 
Hampshire rams sired the heaviest lambs at market time and were the most 
profitable. The Southdown and Shropshire sired lambs were of higher qual-
i ty but. l.:ighter in respect to carcass weight,. 
Christian and Henning (1949) found that three breed cross ewes 
(Hampshire X Dorset=Merino and Dorset X Corriedale-Merino) raised super= 
ior quality and faster growing lambs than two breed cross ewes when bred 
t.o Southdo:rm and Shropshire rams o 
'.['he Targhee breed is a good example of a breed developed to fulfill 
the requirements of mountain range conditions .. Terrill (1947) described 
the Targhee as a polled white faced sheep of intennediate size and better 
mutton conformation than most fine wool breeds,, In an effort to find 
other suitable crosses to increase the number of Targhee sheep 9 comparisons 
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were made between 599 Targhee lambs and 415 crossbred lambs. Comparisons 
between 439 Targhee yearling and 262 crossbred yearling ewes were also 
reported. The author found that Columbia rams mated to Rambouillet ewes 
produced lambs which met the requirements of this environment whereas 
n-w1,ting~ 'bf.rl:ai,)'~a::in Targbe,e l·a;ritS ,an.d R.eJtibc.",Qd,llet ewes pr·oduced lambs wxd.tjh 
tended to be wool blind and ~hear a less desirable fleece and al~o l~oked 
carcass conformation and finish. 
Hazel and Terrill (1946a) determined the differences in weaning 
weight due to breed e.ff'ect of 478 Columbia, 238 Oorriedale and .366 Ta.:rghee 
lambs by analysis of variance techriiques.. The Columbia lambs were signi-
ficantly heavier at weaning than the Targhee and Corriedale lambs by 7@2 
and 8~8 pounds, :respectively@ The difference between the Targhee and 
Corriedale lambs was not significant~ 
Grandstaff (1948) mated Corriedale and Romney rams to old type Navajo 
ewe~. A total or 817 matings :t'esultihg in an average of 89 percent preg-
n.!lnc:Les ear:h cross ·t,H,i1•e st'il.;1d:ted.. The Corriedale crosses excelled ·hi "'vhe 
percentage of lambs born and reared and the rate of gain between birth 
and weaning. The differences between average weaning weight (3 .. 86 pounds) 
and the pounds of lamb produced per ewe (15.2 pounds) in favor of the 
Corriedale crosses were highly significant. Price et alo (1953) investi-
gated some of the factors influencing the yearling traits of 917 ewes 
retained from 1325 ewe lambs. The analysis revealed that breed differ-
e:nees were an important source of variation and accounted .for 9~4 percent 
of the variation 'in body weight of these yearling ewes based on the dif-
ference between twelve different crossbred groups. 
Comparisons of reciprocal crosses of two breeds of Egyptian sheep 
were reported by Asker et al., (1954). The differences between body 
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weight of the crosses at birth and 4 months were statistically signifi-
cant. These workers concluded that the differences were influenced 
mainly by the differences in body size and milk production of the damso 
deBaca and coworkers (1956) found that some of the variation in the 
120 day weights of 280 crossbred lambs could be attributed to the inter-
action between the breed of sire and breed of dam .. The breed interaction 
effect was not significant in all crosses but tended to increase when 
·wider crosses were made. They concluded that some of this increase may 
have been due to heterosis. 
Winters et aL (1946) maintained performance records on 603 ewes 
to study some of the factors effecting ewe productivityo The results of 
the study indicated that there are rather definite breed differenceso 
In general~ crossbreds performed better than the average of the breeds in 
the cross. Miller and Daily (19.51) reported that Shropshire;) Hampshire 
and Columbia ewes produced 19 percent more lamb per 100 pounds of ewe when 
mated to another breed. The average total productivity was 16 percent 
more for the ewes used in the 555 crossbred matingso The crossbred lambs 
had a lower mortality :rate and were heavier than the purebred lambs. 
These workers concluded that the increased productivity as a result of 
crossbreeding was likely due to differences in breed size and heterosis. 
Effed of Birth Type an6 Rearing 
M:ost lambs are reared by their own dams in the same manner as they 
are bornJ that is singles as singles and twins as twins;) consequently the 
effects of birth type and rearing will be considered together., However,, 
it is not possible to consider these two factors as a sj_ngle unit 9 for if 
one of a pair of tvui:ns dies or is reared by a different ewe, its mate 
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must be considered as being raised as·a single. 
Hammond (1932) reported that at birth, singles were 29 percent heavier 
than twinso He also reported that as the lambs become older the differ-
ences between singles and twins becomes less important. 
Phillips and Dawson (1937) (1940) stated that in the selection of 
breeding animalsJ singles are favored over twins even though no conscious 
effort has been made to favor the single lambso Single lambs in this 
study of 1864 birth weights were significantly heavier at birth and were 
more v·igorous at birth. Single lambs were also noted to grow faster dur-
ing earlier life. Venkatachalam et al. (1949) investigated the births 
of 483 lambs representing 6 different breeds. These workers noted that 
there was a highly significant increase in the percent death losses among 
twin births as compared to single births. The incidence of death loss 
was 15 percent higher among the twins. Sidwell (1956) compared single 
and twin lambs born and reared under range conditionse These data were 
collected over a 6 year period and a total of over 5800 lambs were studiedo 
Single lambs were significantly heavier than twins at weaningo There was 
also a higher mortality rate among the twin lambs. 
Kean and Henning (1949) reported the average daily gain of 317 twin 
lambs and 443 single lambs·to be Oo45 pound per day and 0.60 pound per . . 
day 9 respectiv~lyo These lambs were raised during the early spring as 
hothouse lambso Thomson and McDonald (1956) examined the relationship 
between birth and weaning weight of 688 lambs. 'When the twins were both 
o:f the same sex 3 the lamb heaviest at birth was also heaviest at weaning 
in over 50 percent of the caseso When the twins were of mixed sexes, the 
lamb heaviest at birth vms heaviest at weaning in 80 percent of the cases 
when the male was heaviest at birthJJ and in 50 percent of the cases when 
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the female was heavier at birth. These differences were statistically 
. . 
significanto Botkin et al. (1956) used the 140 day weaning weight of 
1020 Ra.mbouillet lambs and the 200 day weaning weight of 480 Rambouillet 
lambs reared under range conditions to investigate some of .the factors 
influencing the weaning weights of these lambs~ They found that the single 
lambs weaned at 140 days of age were 1h pounds heavier than the twins and 
. that the singles weaned at 200 days were 8 pounds heavier than twins. This 
indicates that birth type differences and rearing differences tend to 
become smaller as the lambs grow older. 
U.S.D.A. workers Hazel and Terrill (1945) estimated the differences 
due to birth type and rearing on the weaning weights of 2183 range 
Rambouillet lambs by a method of fitting constants by least squares analysis. 
Singles were found to be 9.2 pounds heavier than twins reared as twins 
and 2o4 pounds heavier than twins reared as singles at 120 days. Type of 
birth accounted for 12o2 percent of the variation in weaning weights of 
these lambso From this groups of lambs·3 932 were studied as yearling ewes 
by Hazel and Terrill (1946b)o The constants obtained for the difference 
between single and t111ins reared as twins and for the difference between 
singles and twins reared as singles were 6.0 and Oo5 pounds, respectively. 
These results would indicate that the rearing differences were less im-
. . 
pcrtant at the yearling age than at the weanling ageo A similar investi-
gation was conducted by Hazel and Terrill (1946a) on 478 Columbia 3 238 
Corriedale and 366 Targhee lambs weaned at 120 dayso Singles were report= 
ed to be 11..7 pounds heavier than twins reared as twins and 5~1 J:)OUnds 
heavier than twins reared as singleso Part of the ewe lambs reported in 
this study in addition to ewe lambs retained·in subsequent years were 
,,.. ... -
studied as yearlings by Terrill et al. (1947) .. .A. total of 406 Columbia 
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and 290 Targhee yearling ewes were studied. Type of birth had an import.-
and effect on body weight accounting for 7 percent of the total variation 
in the Columbia ewes and 13 percent of the variation in Targhee yearling 
eweso Constants calculated for the differences between singles and twins 
reared a.s twj_ns and twins :reared as singles for the Columbia. ewes were 
7.12 and 2.37 pounds; respectively. The constants estimated for the Targhee 
ewes were 4.70 pounds for the difference between singles and twins reared 
as twins and 7.42 pounds between singles and twins reared as singles. No 
explanation was given for the apparent depressing effect of the twins 
reared as singles among the Targhee ewes. 
By analysis of variance techniques, Blackwell and Henderson esti-
fllJilted the effects due to birth t;ype and rearing on the weaning weights of 
1295 lambs,. They reported that type of birth and rearing have a signi-
r;cant effect on the weaning weights of lambso Single lambs were 5o38 ! 
1.13 pounds heavier than twins reared as single and 8.29 ! 0.899 pounds 
heavier than twins reared as twins. Differences due to birth type and. 
rearing on 485 Dorset lambs were single minus twins reared as twins 7.89 
± 1.154 pounds. The difference due to type of birth on birth weight was 
. ., ' 
1.85 ± 0.094 in favor of the single birth type in the Corriedale, Hamp-
shire and Shropshire da~ao Results from the Dorset birth weights indi-
cated a difference of 1.20 ± 0.133 pounds in favor of the single birth 
type~ 
Estimates of the effect of birth type and rearing on 280 crossbred 
. . 
spring lambs was reported by deBaca !!::, aL (1956). These workers· ob-
-· 
tained estimates in favo~ of single lambs ranging from Oo84 to 5.98 
pounds. in weaning weight. A non-significant interaction between birth 
type and ~ex. ~~a reportedo Birth type di..ffe~enees- were not con~iat~rct 
11 
between sexeso Bogart and coworkers (1957) calculated a constant for 
the effect of birth type on birth weight. These estimates ranged from 
lv02 to 2~40 pounds in favor of the single birth typev These authors 
concluded that the effect on birth weight due to birth 'type was the most 
consistent .:.f the factors studiedo 
Effect of Sex 
'Vlh.en comparisons are made between ewes on the basis of the weight 
of their lambs at particular age 1 the sex of the lamb may be an import-
ant consideration in these comparisons. 
Mumford (1901) reported that males were 16 percent heavier than 
females at b:Lrth .. The male lambs made slightly better gains than females 
from birth to 7 weekso 
Phillips and Dawson (1937) (1940) investigated the effect of sex 
on birth weight and subsequent gains of 1864 lambs. The analysis indi-
cated that male~ were significantly heavier than females at all ageso 
Ma.le lambs that were heavier at birth surviv~d better than lighter male 
lambso A similar trend was noted among the female lambs but the differ-
ence was no't significanto 
Bonsma (1939) stated that male lambs were significantlj heavier at 
birth and from J to 6 pounds heavier than,females at 18 weeks of age~ 
Using t,he information obtained on 882 lambs representing 10 breeds 
and crosses over a 10 year period 9 Kean and Henning (1949) compared the 
effects of sex on birth weight and rate of gaino The males were 006 
pounds heavier at birth than females@ The average daily gain for male 
and female lambs were0~.54 and Oo:,l pounds per day:i respectively,. 
Guyer and Dyer (1954) obtained inconsistent results from theif data 
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on 139 Hampshire lambso The male lambs were found to be slightly heavier 
than females at b'irtho The comparisons between wethers and females at 
63 and 112 days of age were inconsistent within seasons but when the data 
of two seasons were pooledj the males were slightly heaviero 
Extensi,re studies on range sheep were reported by Hazel and Terrill 
(-i9) 5) ,.1.. LI. • Data on 2183 Rambouillet lambs reared under range conditions 
were available .for these investigations., By a method of least squares 
analysis constants 11\rere obtained to estimate the differences bet.ween 
sexes at weaning~ Ram la.11bs were 8 o3 pounds heavier than females at 
120 days" Hazel and Terrill (1946a) studied some weanling traits of 
478 Colurribia.s 238 Corriedale and 366 Targhee lambs reared under range 
conditions and reported a difference of 1008 ,pounds in favor of the males 
at, a weaning age of lW dayso Blackwell and Henderson (1955') 1, working 
with farm flock in the Northeastern Uni.ted States» reported that by 
:f.'itt,ing constants for the effect of ,sex and birth weight and weaning 
we:i.ghi:,l! the males we:re Oo54 pounds heavier at birth and 4o38 pounds 
heavier at weaning than the females based on 2158 birth weights and 
1295 wean:i.ng weights~ In a ,iltudy of the 120 day weaning weights of 
280 crossbred lam'bs,9 deBaca ~t ~l. (1956) estimated constants for sex 
:r.'a.ngi:ng from 3 pounds in favor o.f the females to 3 pounds in favor of 
·11r,o;t.he::rs., These estimates were adjusted for the effects of breed 
of sires breed of dam~ breed of sire and ewe interactim\9 birth type 
2.nd type of reari:ng. Bogart ~t aL (1957) analyzed the birth weights 
o:f 2.80 larribs ~ 
+ + . 
Constants ranging from .,28 = .27 to .,44 = ,.08 were cal-
cu.lated by 1east. squares analysis in favor of the male lambso These 
constan:Ls were adjusted for breed of sireJ breed of dam, breed of sire 
breed of dam interaction and birth type. 
Effect of Birth Weight 
The importance of the birth weight of lambs in relation to their 
weight, vigor at birth and subsequent gains has been investigated by 
several workers. 
Mumford (1901) concluded that lambs which were heavier at birth 
exhibited a tendency to grow faster up to 7 weeks~ 
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Hammond (1932) found a correlation coefficient of 0.52 between one 
weak weights and twenty week weights of lambs. 
Phillips (1936) reported that lambs which are heavier at birth have 
a better chance of survivlng and are heavier at 4J 6 and 12 months later,, 
'I'his study was based on the analysls o.f 110 Shropshire lambs~ He also 
noted that only 50 percent of the lambs weighing 6 pounds or less at 
birth survived to the age of one month~ 
Bonsma (1939) obtained a highly significant correlation of Oo41 
(147 d ~f.) bet.ween birth weight and the weight at 12 weeks indicating 
that birth weight is associated with subsequent -weight differenceso 
Phillips and Dawson (1937) (1940) analyzed the birth weights of 
508 Ha'TI.pshire~1 .521 Shropshire and 8.35 Southdown lambs. They found that 
lambs which were heavier at birt.h tended to be heavier at later ageso 
Each add:l.t,ional pound at birth resulted in 2 to 4 pounds hea.vier lamb 
wdght.:s at 90 day1!l .- As the lambs grew older the differences due to birth 
weight dee.ceased in importance. 
Guyer and Dyer (1954) correlated birth weight and gain of 151 Hamp= 
Shire lambs and found the correlation to be Oo65 (P< 0.01). However 9 
tihen milk intake was held constant by partial correlation, the correla= 
tion coefficient (0~11) was non=significanto 
ResultE, reported by Thomson and McDonald (1956) indicated that 
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when the weaning weights of 688 lambs were regressed on their birth 
weights.~ for each additional pound at birth, there was a 2 to 4 pound 
increase in weaning weight. A similar figure was reported by deBaca 
and coworkers (1956)0 They found that for each additional pound at birth 
of 280 crossbred lambs 9 there was an increase of 2o5 to 6.0 pounds at. 
a weaning age of 120 days. 
Terrill (1944) investigated the effect of gestation length on 
birth weight and subsequent growth., He reported that lambs from a longer 
gestation tended to be heavier at birth and exhibit a slightly faster 
rate of gain immediately following birth~ The survival rate was also 
noted to be slightly in favor of a longer gestation~ 
Birt,h weight was reported by Venkatachalam et al.,. (1949) to be 
an import.ant factor in the survival and vigor of lambs. The percent 
death losses rose sharply when the birth weight of' the lamb was much 
below the breed averageo Lambs of the large mutton breeds were noted 
to have a lower survival rate than the lighter breedso 
Wallace (19h8) reported that the level of nutrition during the last 
six weeks of pregnancy has a very profound effect on the birth weight and 
vigor of lambs 3 especially twinso 
Carter and Henning (1951) :studied 10.56 lambs to determine the effect 
of heterosis on birth weighto The comparisons were made on the basis 
that w:Lth heterosis9 the birth weight of the crossbred lamb should be 
than the arithmatic mean of the breeds crossed., The data indi-
cated that there was little, if any., heterosiso However, the difference 
of' a11 the purebred Hampshire lambs and all the purebred Southdown lambs 
wa!':;; 1.6 pounds., The difference in birth weight of the lambs sired by 
these two ram breeds when mated to Dorset,-Merino ewes was 0~057 pounds .. 
This indicates that the ewe may have a greater influence on the birth 
weight of her offspring than her contribution of 50 percent of the genes 
to that offspringo 
Various other workers have investigated the breed of sire effect.on 
lamb birth weights. Kincaid (1943) divided 150 ewes into to equal groups. 
One group was bred to Hampshire ramsJ the other group to Southdown rams. 
The rams were compared on a switch back trial the following season •. 
Lambs sired by the Hampshire rams averaged L0.5 pounds heavier than 
those sired by Southdown sires~ the difference was highly significant .. 
No attempt was made to estimate the differences between sires of the 
same breed~ Neville et al. (1955) compared the birth weight of lambs 
sired by 10 Hampshire rams, 10 Suffolk rams and 10 Southdown rams which 
were mated to 72 Western ewes over a two-year-periodo During the second 
season male lambs sired by the Suffolk rams were significantly heavier 
than the male lambs sired by the Hampshire and Southdown rams 9 the latter 
two groups showed little differencev Jamison and coworkers (19.56) com= 
pared the sire effect on 967 lamb birth weights by 70 sires representing 
7 breeds~ The differences between sire breeds were small but in a few 
cases the differences were significanto 
Some Other Sources of Variation 
Many research workers have reported that the age of dam influences 
the rate of gain of the lclJllb,. Bonsrna (1939) reported that lambs from 
later parturitions were comparatively heavier than first, born lambs at 
birth,9 12 and 18 weeks of ageo Hazel and Terrill (1945) reported that 
ln an investigation of 2183 Rambouillet lambs reared by dams of different 
agesJ that age of dam accounted for J .. l percent of the variation observed 
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in the weaning weights of these la.mbso A constant fitted for the dif-
ferences between 2-year old dams and mature dams (3~years old or older) 
was 6-01 pounds in favor of the older damso A similar study by Hazel and 
Terrill (19h6a) found a difference of 807 pounds in favor of the mature 
ewes based on the weaning weights of 1082 range lambs. A later study of 
932 yearling ewes by Hazel and Terrill (1946b) showed a 2,.6 pound differ= 
ence in body weight of these ewes in favor of the ewes from mature dams" 
Terrill etaL (1947) reported on the difference between body weights of 
yearling ewes due to differences in the age of dam. The 406 Colmnbia 
ewes reared by mature dams were 4~6 pounds heavier than the ewes reared 
by 2-year old dams. Among the 290 Targhee yearling ewes J those reared 
by mature dams were 0~60 pound heavier than the ewes reared by 2-ye1ir 
old dams~ Sidwell and Grandstaff (19.49) collected data. over a. IO-year 
pe:riod_on the life time production of 414 Navajo eweso They reported 
that 2=-year old ewes reared the lightest lambsJ the 4-to ?~year old ewes:, 
the heaviest:, and the 3-year old and 8-to 11-year old group weaned 
intermediate weight lambs. An important year effect was noted in these 
life time production records. The weaning weights in 1939 and 1946 
were 5,,2 pounds below average and the 1941 weaning weights were 609 
pounds heavier than average-0 
Blackwell irnd Henderson (1955) estimated the age of dam on a linear 
.and curvilinear ba.sls. 'I'he effect of age of dam in the lamb weaning 
' . 
among the Ha.mpshires Shropshire and Corriedale ewes was curvi-
lin,9ari reaching a maximum production at approximately five years of 
The age of dam effect was less important upon the weaning weights 
of the Dorset lambs~ The effect of age of dam on birth weight was 
curvilinear in all the ewe breeds studied. These authors noted that 
17 
years were an.important source of variation on the birth weight and 
weaning weights' of the lambso The yearly fluctuations were essentially 
.. • 
I. 
random about the general meano These variations from year to year wer€ 
attributed to weather conditions which effected the quality and quantity 
of forage available and the general health of the flock from year to 
year .. 
Ha)1)IIlond (1932) observed lamb growth over a 10-year period and 
found a large variation in growth rates between years. He attributed 
this variation to inbreeding of the flock and the quality of roughage 
availableo During the years of little rainfall, the forage available 
was fibrous and unpalatableo 
Blunn (1944) weighed 739 Navajo lambs at monthly intervals from 
· birth to 20 weeks of age from 1938 to 1941 inclusive. Highly signifi-
cant differences between the mean weights of the 4 years were found for 
' ' 
weights at all ages except birth weight. Analysis of variance showed 
~ ' .;. ; . , 
most of the var~at~on (84 to 92 _percent) in the mean body weights was 
due to between year differenceso During years of light rainfall, the 
- . 
lamb weights were lighter than averageo 
Variation in weighing conditions and methods may be a source of 
considerable variation between weights of the same animal. Bonsma (1939) 
conclude9 that the two main sources of error in lamb birth weights were 
t~e weight of the fluids if the lamb isn't dry, and the amount of milk 
consumed by the lamb prior to its first weighingo Bean (1948) concluded 
that there v.ras no justification for a 3-day average weight based on 
3 consecutive daily weights to increase the accuracy of individual 
lamb weights. Baket et alo (1947) stated there was no advantage in 
. .-
taking weights on 3 consecutive days to estimate weaning weights of 
18 
calves~ A single weight taken under uniform conditions will be just as 
accurate as most three day averages~ 
The level of milk production of the ewe has a strong influence on 
the growth rate of her lamb., However,, milk production records on ewes 
of the 11non-milk 11 breeds are difficult to determine due to the large 
amount of time and labor involvedo l<'uller and Klienheinz (1901) reported 
that by weighing the lamb immediately before and after nursing to deter-
mine the amount of milk produced is much more satisfactory than hand 
milking. This method of weighing the lamb before and after nursing has 
been used extensively by other research workers to obtain milk production 
estimates~ Ritzman (1917a) compared the effect of whole milk and skim 
milk on lamb growtho He concluded that the chief advantage of whole 
milk was its capacity to promote fattening simultaneously with growth. 
Bonsma (1939) obtained lactation records on 70 Merino ewes and found 
lamb gains to be highly correlated with the milk production of the eweo 
'.I'he lactation was broken into periods and the following correlation 
c:oef'ficients between milk consumption and lamb live weight gains were 
calculated~ 
1st Period (1st lL. days) r"" 0~882 
2nd Period (2 - 5 weeks) r.., 0~78L. 
Jrd Period (5 = 8 weeks) r"" 0;516 
4th Period (8 =11 weeks) r"" 0~397 
Total Period (11 weeks) r"" 0.812 
Using the first lactation as a base of 100:i he found the comparative 
i:nereases in the 2nd'.'! Jrd and 4th lactations to be 120, 125 and 136.9 
respectively5J indicating that there is a marked increased in subsequent 
lactations* There was also a highly significant correlation between 
the body weight, o.f the ewe within a breed and the amount of milk pro= 
111 dS.) ~ In a later study Bonsma (19l.i4) compared 
19 
several dam=daughter lactationso These comparisons were based on 16 
Merino da.ni-daughter comparisons and 17 Blackhead Persian dam-daughter 
comparisonso The daughters were all sired by mutton type ramso In every 
case an increase ·was noted in the daughter's production record varying 
from 21 to 190 percent with the Merino ewes with an average increase of 
89 percent~ With the Blackhead Persian evres the comparative increase 
1raried .from 91 to 402 percent with an average increase of 199 percent. 
The author stated that the lambs from the crossbred ewes sired by mutton 
type rams gret~ faster and were significantly heavier than lambs from 
purebred ewes sired by mutton type ramso Therefore~ the author concluded 
that crossbred ewes were generally superior to purebred ewes for this 
type of fat lamb production .. However:, there were no reciprocal compari-
sons of the breeds used in these datao 
Wallace (1948) repoI~ed that the level of nutrition of the ewe 9 
especially during the last 6 weeks of pregnancy, ha.s a profound effect 
on the total milk production of the ewe. The results of 48 lactations 
were used in this studyo Ewes rearing twins produced more milk than 
ewes rearing singles within the treatment groupso The ewe that produces 
an abundant amount of milk early in her lactation aids the growth of her 
lamb in two wayse One~ each additional pound of milk that a lamb con-
su.mes between birth and 28 days was found to increase the lamb? s live 
weight at one month by 1/4 poundo Two, the largerj faster growing lambs 
a.re able to start utilizing supplemental feed approximately a week 
.. ' . ~ 
~arlier ~h<l1?:_lighter lambs .. This ability to utilize supplemental feed 
at an earlier age allows the heavier lamb to maintain its growth rate 
as its damis milk production declines. The author obtained a multiple 
correlation coefficient of· Oo979li between the' lamb's 112 day weight and 
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the amount of milk and supplemental feed consumed by the lambJ thus 
accounting for 96 percent of the variation in the 112 day weight of the 
individual lambso The author also suggested that it may be possible to 
determine the milk production of a ewe indirectly on the basis of the 
amount of gain of its lamb at some early age since approximately 38 per-
cent of the total milk produced during the ewe•s lactation occurs during 
the first montho 
Guyer and Dyer (1954) estimated the milk production of 54 Hampshire 
ewes fed on different planes of nutritiono The ewes receiving supple-
mental concentrates during pregnancy produced more milk than the non-
supplemented ewes. The increase in the level of milk production of ewes 
' -
rearing twins was significantly greater than the ewes raising singles~ 
?he milk consumption of suckling lambs was studied by Burris and Baugus 
,,• . 
(1955) on 18 single lambs and 5 pairs of twins from 23 aged Hampshire 
eweso They obtained a correlation between milk consumption and average 
... . ., . 
daily_gain_of.th~ lambs ~rom birth to 4 weeks of Oo90 and from birth to 
16 weeks of Oo8Jo The average daily gain of the lambs from birth to 16 
weeks was also significantly correlated with the weight of the ewe 
•' ,,. . . . - .. " 
(r--: Oo67)., with birth weight of the lamb (r .. 0 .. 61) and with udder 
' '' ,. , - ' ' ' .. . .. ' . . ' . ~ -· . . . - ... . '. . . . .. -. 
width (rs 0.54). As the lambs grew older, the correlations between 
growth and milk production by 4 week periods declined rapidly. 
The most extensive research on the aspects of milk production of 
ewes are those reported by Barnicoat and coworkers (1949) (1956)~ 
Lactation records on 200 Romney ewes collected over a 5 year period pro-
vided the data for these reportso Some of the important factors influ-
encing milk production are age of ewe, time of lambing, health of the 
ewe, number of lambs suckled, genetic factors and the level of nutritiono 
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Experiments with over 50 ewes on controlled feed intake demonstrated the 
following facts .. One, feeding during pregnancy was important for main-
taining milk yield during the latter part of lactation .. Two, feeding 
during lactation was a primary factor influencing both the initial yield 
and total milk yield. Three, maximum yield was obtained by liberal 
feeding during late pregnancy and throughout lactation. Correlations 
between milk consumption and lamb growth were found to be the highest 
during the 4th and 6th week period (0962 to Oo98). This is mainly 
because the lambs are able to consume more milk during this period when 
the ewe 8 s daily production is the highesto The authors stated that the 
appetite of the lamb determines the milk yield and, consequently, 
correlations between yield and lamb growth tend to be low during the 
9-12 week periodo These workers found that the lambs could be success-
fully weaned at two months of age without upsetting their rate of gain 
if lush pasture is available to maintain the growth rateo A close 
relationship was found to exist between the live weight gain of the 
lambs and the amount of milk ingested from birth to 6 weeks of age even 
• a 
though there was a large amount of variation in growth rates« When the 
lactation records were reduced to an equal milk consumption basis, the 
variation in lamb weight gains from birth to 6 weeks was found to be 
almost entirely due to differences in the quantity of milk. Thus, the 
authors concluded that a ewe's milk production could be estimated rather 
accurately on the basis of her lamb 1 s live weight gain from birth to 
6 weekso A repeatability estimate of 0 .. 388 based on 4 consecutive lacta-
tions of 19 ewes was obtained .. Estimates based on the actual records 
and by the indirect method of estimating a ewe 1 s milk production were in 
close agreement~ The authors concluded that the results of one lactation 
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can be regarded as a satisfactory indication of a ewe's life time pro-
duction and the low producing ewes culled on this basis. If two years 
records are used, then it's possible to increase the accuracy of culling 
by about 20 percent. 
Adjusting Weights to a Constant Age 
When comparisons are made between lambs, difference in age may be 
an important source of variationo Consequently, it is often desirable 
to make comparisons on an equal age basis. Obviously the most accurate 
method would be to weigh each lamb when it reaches the desired age. 
However, under most conditions it is neither practical or possible to 
··-· . 
weigh ea.ch lamb when it reaches the desired age. Various methods have 
been d~vised to adjust body weight to a. constant age. 
Bywaters and Willham (1935) noted that when a straight line was 
fitted to the growth curves of pigs from approximately 19 to 32 weeks 
that the lines intersected the age a.xis at approximately the same pointv 
They concluded that by dividing the pigs weight by its age, less the 
age intercept, a useful estimate of its growth rate could be obtained. 
. . 
They also stated that thi~ method makes no allowances for differences 
in feeding and managemento 
. ·- . 
In order to compare pig litters raised on different farms and 
weighed at different ages, Whatley and Quaife (1937) fitted a straight 
' .. ~ '. ... . . 
line to two years data and obtained an age intercept. From this inter-
cept a formula was developed to adjust the litter weights to a constant 
age of 56 days. To speed up the process of adjusting the weights., a 
table of factors can be worked out in advance. These workers stated 
that caution should be used in applying these factors to weights obtained 
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at ages which deviate greatly from 56 days due to the change in the slope 
of the growth curve. 
A formula.based on the age intercept method was developed by Phillips 
and Brier (1940) to adjust lamb weights to a constant age of 20 weeks. 
Although the age intercepts for the various groups of lambs used in the 
study were rather divergent, this intercept method was more accurate 
than using average weekly gains. They found that instead of an even 
rate of growth of the type found in average growth curves, the individual 
lamb often has considerable fluctuations above and below a smooth curve •. 
The authors stated that there is a need for more date on the gro~'th of 
sheep of different types under various conditions before the most accurate 
application of the age intercept method can be made. 
In order to analyze the effect of inbreeding on the body weight of 
dairy heifers, Baker et aL (1942) corrected the weights to a constant 
'... --
age., The unadjusted weights were plotted, then a small amount of free-
hand smoothing of the curve was done to remove random error in the 
weights. From this curve an equation was derived and the necessary 
correction factors obtained. Baker (1944) found that this method of free-
hand smoothing of th'e unadjusted data worked satisfactorily to estimate 
the weights of chickens. 
Working with weaning weights of range beef calves, Koger and Knox 
(1945) fitted a form equation derived from the calf growth data to a 
nomographo The nomograph was found to be a fast and convenient method 
of adjusting the weaning weights of calves to a constant ageo They 
further stated that the merit of this method of weight adjustment lies 
in the fact that if there is no trend in the size of the regression 
coefficient with the variation in weight·at a given age and the lines of 
regression do not converge, no error will be introduced by using the 
nomographp If the age intercept method is used, and the lines don't 
converge, then error may be introduced. The use of the nomograph is 
based on the assumption that linear growth has occurred between the 
adjusted age and actual age. 
Johnson and Dinkel (1951) studied the growth curve of 297 grade 
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and purebred Hereford calves unde.r range conditions.: These data showed 
that growth was essentially linear up to 155 days of age then dropped 
off gradually. They adjusted the weights taken between 120 and 155 days 
to a standard age of 155 days. Two sets of factors were developed for 
the period of 155 to 225 days of age which were used to adjust the 
weights to a standard age of 190 days. The authors cautioned that these 
correction factors may not be satisfactory under conditions of manage-
ment different from those under which these correction factors were 
obtained. 
Lush and Kincaid (1943) used a quadratic equation to obtain cor-
rection factors to adjust the weights of swine to a constant age of 154 
days. 
Taylor and Hazel (1955) compared six different methods of correct-
., 
ing the weights of swine to a constant age. They found the age intercept 
method and the linear interpolation method to be the most accurate. The 
linear interpolation method has slight disadvantage of requiring two 
~eights,at ages wh~ch bracket the constant age to which all the weights 
~~~ ~e~n.g_adjusted. If growth is linear during the period between the 
two weights, then the linear interpolation is by far the most accurate 
method of weight adjustment. A set of tables can be made up in advance 
which make the method of adjustment faster and more convenient. 
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Blackwell and Henderson (1955) measured some of the factors effect-
ing the weaning weights of lambs under farm flock conditions. To remove 
the variation in weaning weights due to differences in age of weaning, 
they added the age of lamb at weaning into the mathmatical model used 
to measure the other factors effecting the weaning weights of lambs. 
The regression of weaning weight on weaning age ranged from O~lJ to 
Oo27 pound per day. 
During a study of weaning weights of crossbred spring lambs, deBaca 
et alo (1956) found that the average weaning age was approximately 120 
dayso Based on the assumption that growth was linear from birth to 135 
days, the weaning weights were corrected to a constant age of 120 days. 
To obtain the adjusted 120 day weightJ these workers subtracted the 
birth weight of the lamb from its actual weight, divided this figure by 
the lamb 1 s actual age, then multiplied by 120 and added the birth weighti 
the resulting figure was used as the adjusted weight. 
MATERIALS AND METHODS 
The lamb weights used in this study were obtained from the experi-
mental sheep flock (Project S-908) at the Ft. Reno Ex:periment Station. 
The lambs were born during the late falls of 1955 and 1956 and were 
unselected except 'for death losses., 
The dams of these lambs were grade Rambouillet and grade Rambouillet 
X Panama-Rambouillet ewes which were purchased as yearlings during April 
and May 1955 in the Del Rio, Texas area. All of the lambs were sired by 
purebred Dorset rams which were purchased from private breeders in 
Oklahoma6 The ewes were first bred during late May, June and early July 
1955 as yearlings and bred again during late May, June and early July 
1956 as two-year olds. 
The flock was managed according to the usual practice of the 
commercial breeders in Oklahoma. During the winter months the ewes 
were grazed on wheat pasture and received supplemental alfalfa nay dur-
ing inclimate weather .. After lambing the flock was divided into bands, 
one band made up of ewes rearing lambs, and one band of ewes not rearing 
any lambs., During the 19.56--57 season the ewes rearing twins were separ-
ated from those rearing singles. All of the lambs had free access to 
creep feed consisting of two parts cracked sorghum (kafi;r-) grain and one 
part chopped alfalfa hay (good quality). The lambs were separated from 
their dams only during the time of weighingo 
· The birth weight of the lambs was recorded to the nearest one-half 
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pound in 1955 and to the nearest one-tenth pound in 1956~ These weights 
were taken as soon as possible after the lamb was dry. The lambs were 
reweighed when the older lam15s in the flock were approximately 40 to 45 
days of ageo After that the lambs were weighed at approximately two week 
intervals until they reached a market weight of about 90 to 92 pounds~ 
In both years there were a few lambs which were born late in the season 
and were marketed at slightly less than 90 pounds.,·. :Each· lamb was identi-
fied by a number whiqh was usually the same as its dam's number. The 
number was_stamped on a metal ear tag and was also paint branded on the 
lamb 1 s back to make identification easier .. In the case of twins during 
the 1955-56 season, one tmn was usually assigned its dam's number and 
its mate was assigned a different number. During the 1956-57 season 
both twins received their dam's number except the number of one of·the 
twins had·a bar(-) before it. The method used during the 1956...;57 sea-
son was found to be more satis~actory since it readily permitted com-
parison between full-sibs without needing to check the record book to 
identify them., All of the lambs were docked during the first week after 
birtho The ram lambs were all castrated between one and four weeks of 
The distribution of these lambs according to year of birth, breed, 
sex 3 birth typej and type of rearing is presented in Table 1. 
The weights of the lambs were adjusted to different ages so that 
breed of ~e, sex., . type of birth_9 type of rearing and birth weight 
could be estimated. The weights were adjusted to the follomng ages: 
L5J 60:, 75:. 90 3 10.5 3 120 3 and 135 dayso Since some of the lambs reached 
market weight and were sold., it was not possible to continue the study 
beyond 135 days of age .. The method used to adjust the weights to a 
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constant age was the linear interpolation method. Taylor and Hazel 
(1955) stated that this method was the most accurate methqd·when growth 
is linear between the two weights. The procedure used to adjust the 
., 
weights to· a constant age is explained in more detail in Appendix A. 
TABLE I NUMBER OF LA!..f.BS USED IN THIS STUDY ASSEMBLED ACCORDING 
TO BREED, SEX, TYPE OF BIRTH, T'YPE OF REARING AND YEAR 
Type of Birth 
and Reari11g 1956 * Breed Sex 
Single as a single 15 
Male Twin as a single 4 
Twin as a twin 7 
Single as a single 11 DX RPR 
Female Twi.n as a single 4 
Twin as a twin 3 
Single as a twin 0 
Single as a single 26 
Male Twin as a single 4 
Twin as a twin 6 
Single as a single 33 
DX R 
Female Twin as a single 0 
~n as a twill 6 
TOTAL 119 
* DX RPR = Dorset X (Ra.mbouillet X Panama-Rambouillet) 
















Due to confounding of age of dam and year effects, it was necessary 
to analyze the data on a within year basis. The least squares method of 
obtaining constants was used to contend with the multiple classification 
and unequal subclass numbers as outlined by Anderson and Bancroft (1952)0 
Each observation of an adjusted weight was assumed to be the sum of the 
influences or effects of the other variables as follows: 
where 
Yijkmx = the adjusted weight of the lamb 
M ma constant for all lambs, the mean 
B. = a constant for the ith ewe breed 
J. 
T. ~ a constant for the jth birth type (single or twin) 
J 
sk ::: a constant for the kth sex (wether or female) 
~ = a constant for the mth type of rearing (single or twin) 
w = a constant for the xth birth weight, a covariable 
X 
error or failure of the above constants to estimate 
8 iJ"kmx = the adjusted weight of the lamb. 
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These computations were facilitated by the use of International Business 
Machineso The arrangement of the model was such that the effect of 
birth weight was removed last. The procedure used to set up·these data 
for analysis is explained in more detail in Appendix B. 
RESULTS AND DISCUSSION 
Rather appar~~t .. differ.enc~~ .w~re. noted .in the rate, of ~ain _ of the 
lambs reared in two different seasons. During the 1955-56 season the 
rate of gain started to slow down slightly at approximately 60 days 
and started to increase again at approximately 120 days. Thus, when 
the mean lamb growth curve .. (Figure l) was plotted, it took on a non-
linear appearance. The exact cause of this change in rate of gain is 
not knowno However, many of the lambs reared during this period lost 
weight and some of them were noted to be stiff in their rear legso Dur-
ing the 1956-57 season the lamb growth curve was essentially linear 
from birth to 120 days and then the rate of gain declined slightly. On 
an age for age basis 3 the lambs reared during the 1956-57 season were 
comparatively heavier than those reared during the 1955-56 season. It 
is impossible to determine how much of the difference in weight of the 
.. . ~-
lambs between seasons is due to the age of dam or to the difference 
between yearso Hammond {19J2), Blunn (1944), Sidwell and Grandstaff 
.. " ~ ' - ~ . .. -
(1949) and Blackwell and Henderson (19.55) have reported that the year 
in which the lambs are reared is an important source of variation in 
their body weights. Bonsma (1939), Hazel and Terrill (1945) (1946a), 
Sidwell and Grandstaff (1949) and Blackwell and Henderson (1955) have 
reported that lambs reared by three-year old ewes are heavier at wean= 
ing than lambs reared by two-year old ewes. 
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et alo (1956) have reported that lamb growth is essentially linear from 
birth to approximately 135 days of ageo This evidence in addition to 
the fact that the lamb growth in 1956-57 was very linear would lead to 
the conclusion that the fluctuations in rate of growth during the 1955-56 
season were probably due to within year environmental differences~ It 
is impossible to estimate how much bias in the 1955-56 estimates can be 
attributed to this atypical environmento There is also.ample opportun-
ity for sampling error since there were rather a small number of lambs 
within certain classes (see Table I)o This is especially true in the 
cases of the number of twin birth types, the number of twins reared as 
singles and the number of twins reared as twins. If this unusual 
environmental factor was independent of age and occurred at a particular 
date.9 then the estimated differences between classes may be biased 
considerably due to difference in the average birth date of the different 
classeso 
As the mean body weight of the lambs i~creased 3 the variance also 
increased but not at the same relative rate. Coefficients of variation 
(Snedecor, 1956) were calculated for each adjusted age and are presented 
in Table II on page 33;. More detailed coefficients of variation on a 
within breed basis are presented in Appendix C. In the 1955-56 season 
these coefficients ranged from 18.8 percent at 45 days to 14.5 percent 
at 135 dayso During the 1956-57 season these coefficients ranged from 
20.,0 percent at 45 days to 1Jo5 percent at 135 dayso This decrease in 
size of the coefficients of variation as the lambs grew older indicates 
that the relative variation among the lambs was less as they grew 
heavier. 
Simple correlation coefficients were also calculated between 
1956 
19.57 
TABLE II COEFFICIENTS OF V.ARl.ATION1i-FOR THE 1AMB WEIGHTS AT 
DIF'FERENT AGES 
_____!±5 Day Wt.,. 60 Day Wt,, 75 Day Wt., 90 Day Wt., 105 Day Wto 120 Day Wt., 125 Day Wt., 
18.,8% 
20.,0% 
* Ce V,, ::a 
17.,5% 17,,0% 
18 .. 4% 17 .. 1% 
standard deviation X lOO 
mean 
17~1% 16 .. 5% 15o~ 14 .. 5% 
15o9% 14 .. 8% 14.,1% 13 .. 5% 
w 
w 
weights at different ages and are presented in Tables III and IV on 
page y5. The correlations between weights at adjacent constant ages 
ranged from 0911 to 0980 in 1955-56 and from .972 to .986 in 1956-570 
Correlations between adjacent constant ages would be expected to be 
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high since in some instances the same unadjusted weight may have been 
used to calculate adjusted weights at two different ages. However, 
correlations between more distant ages may be of some value in a selec-
tion programo Correlations between birth weight and subsequent weights 
declined from .. 581 to .479 in 1955-56 and from ,.661 to .571 in the 1956-
57 season. Correlations between birth weight and subsequent weights in 
1956=57 declined rather slowly. Correspondingly higher correlations 
were noted during the 1956-57 season which again indicates the increased 
linearity of growth duri.ng that seasoIJ... These correlations between birth 
and subsequent weights are similar to the correlation of 0.52 between 
the one week weight and the twenty week weights of lambs calculated by 
Hammond (19J2)o 
Estimated Regression Coefficients 
A multiple regression equation was calculated for each of the 
different ageso The normal equations obtained by the least squares pro= 
cedure are not independent. Therefore, in order to obtain a solution 
for these equations, certain restrictions were made, namely, the Ram-
bouillet X Panama-Rambouillet breed of ewe, the twin birth type, the 
female sex,, and the twin rearing type were set equal to zero~ Thus, 
the regression coefficient estimates for breed of ewe, birth type, sex 
and type of rearing are the differences between the breed of ewep birth 
type} sex and rearing type effects. A particular multiple regression 
T1U31E III SIMPLE CORRE1ATION COEFFICIENTS BETiiiJEEN WEIGHTS 11.T DIFFERETu"T AGES 
1955=56 DATA 
-----------· -·----·=· 
45 Days 60 Days · 75 Days 90 Days 10.S Days 120 Days 135 Days 
Birth .. 581 .. 540 •. 529 e496 0518 o~-79 .,486 
45 Days .961 0900 0806 0746 0691 0691 
60 Days 0930 .. 847 0775 ., 713 ,,720 
75 Days 0911 0817 .. 748 .. 740 
90 Days .,914 .83.5 .. 806 
105 Days .,939 .. 909 
120 Days .. 980 
TABLE IV SIMPLE CORRELATION COEFF1CIENTS BE'I'v>JEEN WEIGHTS AT DIFFERENT AGES 
1956=57 DATA 
45 Days 60 Days 75 Days 90 Days 105 Days 120 Days 13.5 Days 
Birth ,,661 ,,619 .. 598 .. 586 .. 586 .,571- .579 
4.5 Days ,,979 .,963 .. 940 ~921 ,.901 .,898 
60 Days .979 .,957 .. 943 .. 925 .,914 
75 Days .972 .,962 .. 949 <934 
90 Days .. 981 .,967 ,,956 




coefficient can be interpreted as the average change in body ·weight for 
each unit change in its corresponding variable when the other variables 
are not changed9 It should be kept in mind when considering these esti-
mates for the effect of breed of dam, birth type., sex, type of rearing 
and birth weight on the lamb weights at different agesJ that there is 
a high correlation between the weights at different ages,. This is 
primarily due to the fact that the same lambs were used within each 
season to obtain the regression coefficients at different ages. The 
estimated regression coefficients for the mean.'I breed of ewe, and birth 
type are presented in Table Von page 37" The estimates for sex, type 
of rearing and birth weight are presented in Table VI on page 39, The 
effect of sex, type of rearing and birth weight independent of the other 
I 
variables are presented graphically in Appendix D. 
The effect of breed of ewe on the lamb Wfights at different ages 
was estimated as the difference between the Rambouillet and the Ram-
bouillet X Panama-Rambouillet ewes. The results of these estimates were 
rather conflictingo During the 1955-56 season the Rambouillet ewes reared 
the heavier lambso The maximum differences between breeds were at 75 and 
90 dayso The differences amounting to 206 ~1.2 pounds at 75 days and 
Jo 7 t. L4 pounds at 90 days were statistically significant at the 5 per-
cent leveL The results of. the 1956-57 analysis showed a slight differ-
ence ranging from Oo02 to O.J2 pounds in favor of the Rambouillet X 
Panama-Rambouillet ewes. The'difference between breeds of ewes was.non-
significant and only a minor sotJ.rce of var'iation in the 1956 ... 57 data~ 
No estimates of the difference between Rarnbouillet ewes and Panama ffi"fes 
were found in the literature.,· 
The effect of birth type was estimated as the difference between 
TABLE V THE ESTIMATED RIDEESSION COEFFICIENTS AND STANDARD ERRORS FOR THE MEAN1 
BREED OF E.wE, AND BIRTH TYPE 
1955-56 and 1956=57 
















bl 0 23456 
1308689 ± 1~4807 
20.,5762 ± 108969 
2501609 ± 2 .. 2748 
30 .. 2738 ± 2.,7825 
34 .. 0313 ;,I: 300000 
42 .. 6168 ! 3.,2531 
48 .. 9633 ± 3 .. 4494 
15.5396 ~ 1 .. 4336 
22 .. 5674 ! 1 .. 7836 
29 .. 2o65 + 1 .. 9913 
35 .. 8363 :!: 2 .. 2133 
L.2 .. 5523 ± 2.4336 
4902240 :!: 2.6665 
54 .. 7029 ± 2.,7616 
Breed of Ewed 
b2°13456 
lol489 ;!: Oo 754h 
105810 ± 0 .. 9664 
2 .. 5944 ,;!; 1 .. 1589* 
J .. 6634 ± 1.,Ll 75* 
206100 :!: 105284 
L,5145 :!: 1 .. 6573 
1.,3306 ± 1 .. 7573 
-0 .. 0675 ! o .. 6582 
-0 .. 1156 ± 0 .. 8188 
=0 .. 065 3 ± 0.,9142 
-040224 ± 1 .. 0161 
-0 .. 1106 ± 1 .. 1173 
-0 .. 3203 ± 1.,221.il 
..0 .. 1952 :!: 1 .. 2679 
a The unadjusted means are presented in Appendix C .. 
d Differences between classeso 
~£- Significant at the 5 percent level. 
Birth Typed 
b.3°12456 
1.,LJ.00 ± 1.,2306 
1 .. 5371 ! 1.$765 
0 .. 7123 ;!; 108905 
=1.,0321 ± 2 .. 31.24 
=2 .. 3520 ! 2 .. 4932 
-2 .. 8265 ± 2. 7036 
-3 .. 0239 ± 2 .. 8666 
2 .. 8745 ± 107520 
2 .. 3566 ± 2.,1797 
3.,2179 ± 2 .. 4335 
2 .. 7876 ± 2 .. 7048 
3 .. 1358 ± 2 .. 9740 
1 .. 2986 :!: 3 .. 2587 




lambs born as twins and lambs born as singleso This difference actually 
represents the difference between single lambs reared as singles and twin 
lambs reared as singleso J]uring the 1955-56 season the differences were 
initially in favor Qf the single birth type but declined steadily as the 
lambs grew oldero At 90 days the twin birth type surpassed the single 
birth type and was 3.0 :!! 2 .. 8 pounds heavier at 135 days. The 1956-57 
data il'..1.dicated a difference fluctuating from approximately 2.,L. to 3.,2 
pounds in favor of the single birth type until the lambs were 10.5 days 
old~ then the differences between birth types dropped sharply from J.1 
! 2o9 at 105 days to Oo9 ± 3o4 pounds at 135 days. The standard errors 
of the differences in birth type were comparatively higher than those 
calculated for the difference between breed of ewe and sex. The differ-
ences between birth types were not significant at any age during either 
·season. Hazel and Terrill (1945) (1946a) reported that single lambs 
were from 2o5 to 5ol pounds heavier than twins reared as singles. 
The effect of sex was estimated as the difference between males and 
females. During the 1955-56 season the males were significantly (P<'0.05) 
heavier than females at 45 and 135 days of agee There was a general 
trend towards an increased difference in favor of the male lambs as the 
weight and age increasedo Although the differences were greater at 
later ages than at 45 daysj they were not significant due to the increased 
size of the standard error. The difference in favor of the males was 
highly significant (P<OoOl) at all ages during the 1956-57 seasono These 
differences· increased steadily from L9 :t Oo6 at Lr5 days to 5 •. 1 :t 1.:.3 
pounds at 135 da.yso The differenees in the 1956-57 data were in close 
agreement with the difference of 4.J pounds in favor of the males reported 
b;y Blackwell and Henderson (1955). The estimates reported by Hazel and 
Tli.B1E VI THE ESTIMATED REGRESSION COEFFICIENTS AND STANDARD ERRORS FOR SEX 
TYPE OF REARING AND BIRTH WEJtGHT 
1955=56 and 1956-57 
Season Age in Days Sexd Type o:f Rearingd Birth Weight 
b4•12356 b.5°12346 b6°12J45 
45 1.4251 ± 007176* 5.6657 ± 103808** 1.4830 ! 002037** 
60 106848 ! 0.9193 6.5526 ± 1.7689** 106300 ± 002609** 
75 200862 ± 1 .. 1024 7.4573 ± 201213** 1.8615 ± 0.3129** 
19.55-56 90 lo 7526 ± 103485 707655 ± 2.5947** 2 .. 0563 ± o.3827** 
105 2 .. 2703 ± 1.4539 8.3318 ± 2.797t>-** 204239 ± o.L126** 
120 2 09115 ± L,5766 606982 ± 3.0336* 2.,3923 :!: o.4474** 
135 3.6084 ± 1.6717* 6. 7257 :!: 3.,2166-~ 2.6o65 ± o.4744~"* 
45 s 1.9215 ± 0.6608~"* 2.,6214 ! 1.7186 1.9593 ± 0.2104** 
60 2 .49o5 :!: o.B22li* 3.,8192 :!: 2 .1382 2.,1238 ± 0.2618** 
75 3.2952 :!: 0 .. 9178** 3.8519 ± 2.3872 2.1738 ± 0 .. 2923** 
1956-57 90 3 .. 5216 ± 1 .. 0202~-~ 4.3013 :!: 2.6533 2.3320 ! 0.3249** 
105 4.3461 ± 1.1217** 2.6342 ± 2.9174 2.6065 ± 0.3572~'* 
120 4.4513 ± 1.,2291** 4. J865 :t 3.1966 2.7772 ::!:: 0.3914** 
135 5 .. 0599 ::!:: 1.2729** 4 .. 6119 ± J.3106 2.9582 ± o.4o54~"* 
d 
Difference between classes. 
* Significant at 5 percent level. 
** Significant at 1 percent level .. 
~ 
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Terrill (1945) (1946a) were considerably larger 1 ranging from 8 to 10 
pounds in favor of the males under range conditioms. 
Du.rimg the 1955-56 season the type of rearing was a very important 
source of var.iat,ion in the lambs i weights. The lambs reared as singles 
were significantly heavier than the lambs reared as twins at all ages. 
The differences fluctuated from 5Q6 ! L4 to 8@3 :t 2c8 pounds in favor 
of the single lambs. Type of rearing was found to be less important dur-
ing the 1956-57 seasono The single lambs ranged from 2.6 ! 1G7 to 406 ± 
393 pou~ds heavier than the lambs reared as twins 9 but these differences 
were not significant.. The standard err10:Jl•s ,J:f t,lhe d.i:tf'er:e111ce be·:r,{leen types 
of rearing were comparatively large during both seasonso These results 
are in agreement with the results obtained by deBaoa et al. (1956)0 
These workers also reported that adjusting for birth weight greatly 
reduced the variation in 120 day weights due to the type of birth and 
rearing. 
Difference in birth weight was the largest single source of vari-
ation of any of the factors measured. To estimate the effect of birth 
weight.9 the lamb's birth weight was used as a covariableo The regres-
sion of subsequent weights on birth weight was highly significant (P<0.01) 
at all ages during both seasons. The regression coefficients ranged from 
. . . 
L5 :t 0.,2 to 206 :t Oo5 and from lo9 ± Oo2 to ·2o9 ± O.u in 1955=.56 and 
1956-57.? respectively,. In 1955-56 the differences in birth weight alone 
accounted for 23 to 34 percent of the variation (r2) in the age adjusted 
weightso In 1956-57 differences in birth weights were estimated to ......... 
account for 33 to 44 percent of the variation·'.· in tb.e lamb weights at 
different ages .. The regression of subsequent weights on birth weight 
..... .... 
were about equal to the estimates reported by deBaca. et !!to (1956) and 
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Thomson and McDonald (1956)0 The regression coefficients reported by 
Phillips and Dawson (1940) for 90 day weights on birth weight were similar 
to the results found at the same Eige :u1 this study .. 
Coefficients of Deterrrdnation 
After the regression coefficient.s were obtaineda> it was possible to 
calculate coefficients of determination (R2)o This is done by dividing 
the total sums of squares removed by regression (SSR) by the unadjusted 
population sums of squaresq These coefficients (see Table VII) estimate 
or percent of the variation in body weight which was accounted 
for by the effects that were measured¢ The coefficients were found to 
decrease steadily as the lambs increased in age., The coefficients obtained 
during the 1955=56 season were somewhat less than those calculated at the 
corresponding ages in the 1956=57 season which would indicate that the 
unmeasured sources of variation were of greater importance during the 
1955=56 season., These estimates ranged from o.58 to 029 in 1955=56 and 
from ,,.59 to $43 in 1956=.57" The coefficients of determination calculated 
by deBaca et alo (1956) were considerably higher but more sources of vari-
ation were taken into consideration in ·their study o 
Application of Results 
A large portion of the phenotypic e:i..'])ression of a lam_b us body weight 
is due to enviro:r.rm.ental factors,. Consequently.I> estimates of the magnitude 
of some of these environmental effects will enable the breeder to make 
adjustments for them and improve the accuracy of selectione Under systems 
of man..agement where the lambs are raised for a fat lamb market, it is 
necessary to make the selection of replacements before the lambs go to 
TABLE m. .GQEFY.[6IEMTS OF D:EnmmTAflf:ITOB OR .'!'HA~ PORTION' ·oF THE TOTAL ·vARIATION IN 
THE LAMB WEIGRI:S k? D~ :AGES ACCOUBTED<FOR 
B:f 'f:tni: VARIA.BLFS STUDIEU 
ljS~6 and 1956...57 DATA 
. ' - I .. 
45 Da,r W't. 6o P!i wt. 15 D!l; !t., =29..-!¥ Wt. l0.2__ Day Wi., 120 D&; Wto 135 Day Wt.,. 
1955-56 .. 5781** .5167** .4761** .383&.ffl. .369~ .. 2934** .3020** 
-
1956...51 . -. .590~ .53li.3H .. 5240H ~492~ .. 4564** 0427>** oh.357H 




m.arketo The results of this study indicate that the magnitude of the 
environmental effects change as the lambs grow older and heaViero There-
fore, if a breeder used the same correction factors for lambs differing 
in age, error may be introducedo For example, using the 1956-57 data, the 
difference between males and females increases steadily from lo9 pounds at 
45 days to 5oO pounds at 135 dayso 
When selecting lambs for replacements, the best results would probably 
be obtained with selection at older ages when the maternal influence of 
the dam is less important o · .As the lamb grows older it becomes less de-
pendent on its dam, thus, its weight at a later age is a better indication 
of its own ability to grow o 
Selection of lambs within a flock is but one of the uses of these 
correction factorso Some recent work by Barnicoat et al. (1956) jndicates 
that the milk production of a ewe can be estimated fairly accurately on 
the basis of the amount of body weight gain of her lambs between birth and 
six weeks of age. To use this method it is necessary to make adjustments 
for the differences between twins and singles. On the basis of their 
lamb 1s gain.j) the less productive ewes could be culled from the flock. 
If more than one ram is used in the flock, it is possible to compare 
the rams on the basis of their progeny. Since the rams will not sire the 
same number of males and females or twins and singles, it would pe necessary 
to make adjustments for these differenceso 
SUMMA.RY 
The weights of 300 lambs reared in 1955-56 and 1956-57 were adjusted 
to constant ages of 4,~ 60~ 75, 90, 1C5» 120 and 135 dayso The effects 
of breed of ewejl birth type, sex, type of rearing and birth weight on the 
variation in body weight at these different ages were estim.ated ~.r lea~t 
sq,ulalrei~ .t1m.:al;rsi@.. E~~h e~tim:ate of a soorc:e or v~:riation or paii"'tial reg1"'assil)11. 
coefficient can be interpreted as the average change in body weight for each 
unit change in its corresponding variable when the other variables are not 
changedo The data were analyzed on a within year basis because the same 
ewes were bred each season and the effect of age of ewe and year could not 
be separated., 
The results indicate that there was little difference in the rate of 
gain of the lambs due to differences in breed of eweo · Differences in lamb 
weights due to birth type or the difference between single lambs reared as 
singles and twin lambs reared as singles were not conclusiveo Male lambs 
were heavier than female lambs at all ages. '!he most important differences 
were obtained 1956=57 when the males were approximately 5 pounds heavier 
than the females at 135 days., The differences between sexes were signi-
ficant at all ages in 1956=57 o Lambs reared as singles were from 6 to 8 
pounds heavier than the lambs reared as twins in 1955-56 .. '!he difference 
due to type of rearing ranged from 2 to 4 pounds in favor.of the single 
lambs in 1956=57, but the differences were not significant., The differ-
ence in birth weight was the most important source of variation in the lamb 
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weights at different ages., Regression of subsequent weights on birth weight 
increased steadily from lo48 at 45 days to 2o60 pounds at 135 days during 
1955=560 The regression of the corresponding weights in 1956-57 increased 
from lo95 pounds at 4.5 days to 2o96 pounds at 135 days of ageo Birth weight 
differences accounted for from 3l~ to 44 percent of the variation in body 
weight at_ 4.5 days and from 22 to 33 percent at 13.5 days. 
Coefficients of determination R2 indicated that from 29 to 59 percent 
of the variation in lamb weights at different ages could be accounted for 
by the factors studied., These coefficients were highly significant (P OoOl) 
at all ages during both seasons" Therefore the accuracy of selection ca.~ 
be improved by making adjustments for these sources of variation. 
These estimates can be used as correction factors when selecting 
lambs for replacements-, culling the less productive ewes on the basis of 
their lamb is growth and in the progeny testing of ramso 
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APPENDIX 
APPENDIX A 
ADJUSTING WEIGHTS TO A CONS TANT AGE 
The method used to adjust the lamb weights to a constant age was 
the linear interpolation method. This method is considered to be the 
most accurate when linear growth has occurred between the two weightse 
Adjustment by this method can be fac:ilitated if the unadjusted weights 
are conveniently arrangedo Appendix Table VIII shows the method used 
to handle these datao Each lamb is readiiy identified by number, birth 
type, sex and rearingo 
T.'lBLE VIII AN EXAMPLE OF THE DATA DEIDNSTRATING THE MANNER IN WHICH 
THE DATA WERE ARRANGED PREPARATORY TO ADJUSTING 
THE WEIGHTS TO A CONSTANT AGE 
Birth 
JLamb Type Birth Birth 12/5 12/20 1/2 1/14 
Noo Sex Rearo Wt., Date (340) (355) (2) (14) 
Wto ..6\~e Wt. Age Wt. A~e Wt. A~e 
15 F ToT.., 7 oO 300 31 40 41 55 48 68 51 80 
=15 w T.T. 6.5 300 28 4o 38 55 46 68 52 80 
20 F s.so 5.3 307 23 33 31 48 38 61 44 73 
30 w SoSo 706 309 24 31 35 46 39 59 45 71 
=55 F ToSo 408 296 19 44 28 59 33 72 38 84 
The general fonnula used to adjust the weights may be written as 
follows: 
Adjusted Wt. = (Wl -W2) u; -A2) X (Constant Age - Ai)+ W1 
where 










12 = next actual age older than the constant ageo 
w1 = actual weight at age ~ 
w2 = actual weight at age A,., 
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~ = A, = number of days between weights 
W2 - Wi = number of pounds gained or lost during the period between 
weights 
The differences between ages ~ and A:i_ ranged from 12 to 15 days inclusive .. 
The difference between weights w2 and w1 ranged from 1 to 15 pounds inclu-
siveo Therefore, it was possible to calculate a set of adjustment cards 
(Appendix Tables IX and X) in advance to speed up the process of weight 
adjustment., These weight adjustment cards were transferred readily to 
a wheel so that the number of pounds to add to w1 could be read directly 
from the wheel for any amount of gain from 1 to 15 pounds at interval 
between weights from 12 to 16 days inclusive., 
Appendix Figure 2 shows a portion of the under half of the weight 
adjustment wheelo In this figure a gain of 5 pounds (W2 - w1 ) was used 
for the different periods between weights (A2 - Ai)• Each different 
possible amount of gain for the different periods between weights was 
calculated in a similar manner.. The pounds to be added were rounded off 
to the nearest poundo .A,ppendix Figure 3 shows a portion of the cover of 
the weight adjustment wheel for adjusting weights to a constant age of 
60 dayso Several windows were cut in the cover to reduce the amount of 
turning necessary to find the correct amount of gain and the correct 
number of days between weights. To adjust the weights to a different age 
it is only necessary to make a new cover for that particular ageo If a 
lamb lost weight during the period between weights., the adjusted weight 
is calculated in the same manner except the figure obtained on the weight 
adjustment wheel is subtracted from w1 instead of adding the figure to 
wl" 
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TABLE IX ADJUSTMENT CARD FOR 14 DAY PERIOD BETWEEN.WEIGHTS 
AdjoAge POUNDS GAIN BETWEEN WEIGHTS 
minus 
ActoA~e 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
13 1 2 3 4 5 6 6 7 8 9 10 11 12 13 14 15 
12 1 2 3 3 4 5 6 7 8 8 9 10 11 12 13 14 
11 1 2 2 3 4 5 5 6 7 8 9 9 10 11 12 12 
10 1 1 2 3 4 4 5 6 6 7 8 9 9 10 10 11 
9 1 1 2 3 3 4 4 5 6 6 7 8 8 9 10 10 
8 1 1 2 2 3 3 4 4 5 6 6 7 7 8 9 9 
7 1 1 2 2 2 3 3 4 4 5 ~ 6- 6 7 7 8 
6 0 ]_ 2 2 2 3 3 3 4 4 5 5 6 6 6 7 
5 0 1 1 1 2 2 2 3 3 4 4 4 5 5 5 6 
4 0 1 1 1 1 2 2 2, 3 3 3 3 4 4 4 5 
3 0 0 1 1 1 1 1 2 2 2 2 3 3 3 3 3 
2 0 0 0 1 1 1 1 1 1 1 2 2 2 2 2 2 
1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 
TABLE X ADJUSTMENT CARD FOR A 16 DAY PERIOD BE'IWEEN WEJ;GHTS 
Adj. Age POUNDS GAIN BE'IWEEN WEIGHTS 
minus 


















2 3 4 5 6 7 8 8 9 10 11 12 
2 3 4 4 5 6 7 8 9 10 11 11 
2 2 3 4 5 6 7 ' 7 8 9 10 11 
2 2 J 4 5 5 6 7 8 8 9 10 
1 2 3 3 4 5 6 6 7 8 8 9 
1 2 3 3 4 4 5 6 6 7 8 8 
1 2 2 3 3 4 5 5 6 6 7 7 
1 2 2 3 3 4 4 5 5 6 6 7 
1 1 2 2 3 3 L~ 4 4 5 5 6 
1 1 2 2 2 3 .3 3 4 4 5 5 
1 1 1 2 2 2 3 3' 3 3 4 4 
1 l 1 1 2 2 2 2 3 3 3 3 
0 1 1 1 1 1 2 2 2 2 2 2 
0 0 1 1 1 1 1 1 l 1 2 2 
0 0 0 0 0 0 1 1 1 1 1 1 
6 ... ~ 
0 1 1 l 2 2 2 .. ~. 3 3 3 4 4 4 5 16 5 
FIGURE 3 
A PORTIOiN OF THE WEIGHT ADJUSTING WHEEL SHOWING 
THE POUNDS TO ADD TO OBTAIN AN ADJUSTED 



















PREPARATION OF THE DATA FOR ANALYSIS 
International Business Machines were used to facilitate the 
calculations necessary to obtain the estimates of the effects of breed, 
birth type, sex, type of rearing and birth weight on the adjusted lamb 
weights. Before the data could be analyzed on the IBM computer, it was 
necessary to punch the required information on IBM cards. Each card 
represented an individual lamb and contained the following information 
about that lamb: 
1. Year-the record was made. 
2. Dam number. 
3. Column for the mean. 
4; Breed, DX R or-DX RPR. 
$; Birth type, single or twin. 
6; Sex, wether or ewe. 
7. Type of rearing, single or twin. 
8. Birth weight. 
9. Adjusted 45 day weight. 
10 ~ ,Adjusted 60 day weight. 
11~ Adjusted 75 day weight. 
12. Adjusted 90 day weight. 
13. Adjusted 105 day weight. 
14. Adjusted 120 day weight. 
15. Adjusted 135 day weight. 
16~ Market weight. 
17 • Market age. 
18. Lamb identification number. 
The lamb number consisted of four digits. The first digit identified 
the lamb as a twin or single, 1 for the first twin, 2 for the second 
twin and O for a single lamb. These cards represented an X matrix. A 
sample of the method in which the cards were punched is presented in 
Appendix Table XI. By the use of the IBM computor it was possible to 
obtain all the sums of squares and cross-products for all the variables 
55 
56 
needed to assemble the X1X matrices and their corresponding X1Y matrices. 
The X1X matrices were singular in nature and the singularities had to be 
removed before a solution could be obtained .. This was done by removing 
the last column and the last row of each of the classifications for breed.1 
birth type, sex, and type of rearing .. The X1 X matrices and their cor-
responding X1Y matrices are presented in Appendix Tables XII and XIII. 
Another way to remove the singularities in the matrices would be to make 
the restriction that the sum of the breed, birth type, sex, and rearing 
effects are each equal to zero .. However, the size of the matrix would be 
larger and require a larger amount of calculation to invert. 
TABLE Il 
1-<l ~f ~ (!) 
p., • (!) ill 
1-"J i:j 
56 008 1 
56 013 1 
56 071 1 
56 071 1 
56 110 l 
57 o.55 l 
57 055 1 
57 109 l 
57 201 1 
57 201 l 
A PORTION OF THE X MATfilX EACH LI.NE REPRESENTS ONE IBM CARD CONTAINING 
AN, INDJCVIDUJU. LU1B 1S IDE.l\JITFICATION Al\lD ADJUSTED WEIGHTS 
AT DIFFERENT AGES 
Breed Bo Type Sex Rear- Bir. 45 60 75. 90 105 120 135 1'1kt. 
ing Wto Day Day Day Day Day Day Day Wto 
Wt., Wt .. Wt., Wt" Wt., Wt. Wt. 
t:J t:1 cm :gi• w ~ en t f-'• F· 
:><l x i:j f-'•· I-' a :::s F· 
()'q· l:j, 
(1) ~ Qt) i:j 
::::0 l:g 1:-'' I-' (1) (D Cl} 
:::0 
0 1 0 1 0 1 1 0 070 034 044 052 o.58 069 076 086 092 
0 l I 0 1 0 1 0 o5o 028 030 036 043 051 059 069 092 
0 1 0 l 1 0 0 1 060 022 028 036 043 049 061 070 090 
0 1 0 I 1 0 0 1 060 023 031 039 048 055 067 074 093 
l 0 l 0 1 0 1 0 040 027 037 046 052 056 064 071 098 
0 1 0 l 0 l 0 l 049 014 021 028 034 041 047 052 079 
0 1 0: l 0 l 1 0 048 019 028 034 040 046 054 059 083 
1 0 1. 0 l 0 l 0 097 042 051 060 070 080 089 097 099 
1 0 0 1. 0 l 0 1 058 028 036 046 054 063 068 072 092 















TABLE llI THE 6x6 X1X MA.TRIX AND THE 7 X1Y MATRICES FBOM l956 DATA 
Mean Breed Birth Sex Rear= Birth 45 60 75 90 105 120 135 
DXRType 
Sin. 





Male ing Wto Day Day Day Day Day Day Day 
Sing. Wto Wto Wto Wto Wt., Wto Wt~ 
62 97 77205 3640 4697 5540 6240 6867 .7623 8559 
36 63 50205 2363 3045 3604 4070 4434 4872 5457 
41 85 57505 2760 3537 4l43 4617 5043 5537 6203 
62 49 4l4oO 1939 2496 2948 3307 3660 4080 4592 
97 644 .. o 3112 3994 4689 5243 5746 6322 7084 
5402025 24353 31297 36873 41468.5 45647e5 50498~5 56658.5 
MATRIX INVERSE, THE cij OR (x•x)-l MATRIX FROM THE 19.56 DATA 






















TABLE IlV THE 6x6 MATRIX AND THE 7 X'Y MA.TRICES FROM 1957 DATA 
XRX XiY 
Mean Breed Birth Sex Rear= Birth 45 60 75 90 105 
181 
DX R Type Male ing Wt., Day Day Day Day Day 
104 
104 













1267 .,5 6014 . 7613 9044 10471 11964 
7 38 o5 3454 4J69 519 J 6017 6882 
740c 7 3597 4497 5313 6094 6862 
658.,5 3127 39.53 4701 5427 6213 
764.6 3742 4691 5544 6366 1161 



















TA.BEE XV MATRIX INVERSE, IBE Cij OR (Xt xrl MATRIX FEOM THE 1957 DATA 
.. 1106013 - .. 0107743 
.0233109 
.,0305374 




















TABLE XVI MEAN LAMB BODY WEIGHTS, STANDARD DEVIATIONS AND COEFFICIENTS OF VARIATION · 
FOR THE DIFFERENT CONSTANT AGES 
195.5=56 DATA 
UNADJUSTED FOR '!HE SOURCES OF VARIATION OTHER 'IHAN AGE 
Breed Birth Weight 4.5 Day Wto 60 Day Wto 75 Day Wt., 
·-· 
DX RPR X 6.,14 29.02 37 055' 44 .. oo 
n = 44 s 1.,65 6.,20 7ol8 8 .. 02 
Co Vo 26 .. 9 % 21!'4 % 
------------
19 .. 1 % · 18o2 % 
DXR x 6.,70 31.,50 40 .. 60 48 .. o.5 
n = 7.5 s 1 .. 88 5.,31 6 .. 50 7..54 
c.v. 28 .. l % 16.9. % 16 .. 0 % 15.7 % 
Combined x 6049 30.58 39 .. 47 46.,55 
Weights s lo81 5.76 6.,89 7.,93 
n = 119 c.v .. 27 .. 9 % 18.8 % 17.5 ·% 17 .. 0 % 
Breed 9_0 Day Wt., 105 Day Wt 0 120 Day Wto 135 Day Wt., 
DX RPR x 49.31 55.29 62.52 70.so 
n = 44 s 8. 71 9.,37 10.45 11 .. 09 
c.v. 17 .. 7_ % ---- - ---- - _ 19.,9 % 16 .. 7%_. _______ 15 .. 7% 
DXR x 54.26 - .59.12 64 .. 90 - · 72,, 76 
n = 75 s 8.,63 9.41 9 .. 30 9.,99 
c.v. 15 .. 9 % 1.5 .. 9 % 14.3 % 13.7% 
Combined 52 .. 44 .57,.70 64 .. o.5 71.92 
Weights 8.,95 9.54 9,,,77 10 .. 42: 
°' n = ll9 17 .. 1 % 16 .. 5 % 15 .. 3 % 14 .. .5 % 0 
TABLE XVII .MEAN LAMB BODY WEIGHTS, STANDARD DEVIATIONS AND COEFFICIENTS OF VARIATION 
FOR THE DIFFERENT CONSTANT AGES 
" 1956-57 DATA 
UNADJUSTED FOR '.IHE SOURCES OF VARIATION O'IHER THAN AGE 
Breed Birth Weight 45 Dal Wt. 60 Dal Wt. 75 Dal Wt. 
DX RPR X 6087 . 33.24 42012 50.01 
n = 77 s ·1.69 6.43 7.73 8 .. 46 
CoVo 24.6 % 
-· 
_19_.3 % 18.4 % 16.9 % 
DXR X 7.10 33 .. 21 
' 
42.oo 49.93 
n 2 lo4 s 1.69 6.82 7.80 8.67 
C .. Vo 23.8 % 20.5_ %_ 18.6 % 17.4 % 
Combined X 1.00 3J.22 42.06 49.96 
Weights s 1.69 6.64 7.74 8.55 
n = 181 c .. v .. 24 .. 1 % 20.0 % 18.4 % 17.l % 
.Breed 90 Daz Wt. 105 Daz Wt., 120 Daz Wt • 135 Dal Wt. 
DX RPR x 57.87 66.oo 73.94 80.87 
n = 77 s 9.21 10.o6 10.63 11.38 
c.v. 15.9 % 15.2 % 14.4 % 14.1 % 
DXR x. 57.85 66.17 73.87 81 .. 05 
n = 104 s , 9.26 9.63 1.0.29 10.58 
c.v. 16.0 % 14.5 % 13 .. 9 % 13.1 % 
Combined - 57.86 66.10 73.90 80.95 X 
Weights s 9.21 9 .. 78 10.LJ. 10.-90 























60 Bo. .. 100 120 
Age in Days . 
THE _MEAN I.N COMBINATION WI:TH THE EFFECT QF S,:(ll -
INDEPENDENT' . OF THE OTHER SOURCES OF · : .-
VARIATION 
19:5&5'7 DATA 





60 ,Bo _ . 100 - 120 
- Age _ in Days . . _ , .. - _. 
·THE MEAN I'N COMBINA'l'I:O.N WITH THE EFFECT OF TIPE-011' 














x u x 7pound Birth Weight 
6 pound Birth Weight 
40 60 80 100 120 
Age in Days 
FIGtJRE 6 THE MEAN IN COMBINATION WI.TH THE EWECT OF BIRTH 
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